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A B S T R A C T
Tectonic evolution of the New Siberian Islands (NSI) has been revealed based on detailed structural investiga-
tions and a (U-Th)/He low-temperature thermochronologic study of detrital zircons (ZHe) and apatite (AHe).
Our study supports models claiming a non–Siberian affinity of the NSI and furthermore suggests that the study
area formed a part of the Arctic-Alaska-Chukotka microcontinent. Seven stages of deformation have been re-
vealed. The earliest stage (Stage 1) involved contractional deformation with transport directions towards the W-
to WSW and occurred during the Late Cambrian across the De Long Islands. The next episode of deformation
(Stage 2) has been revealed based on the low-temperature thermochronology (ca. 378–414Ma, ZHe) and
structural data. A pre-Frasnian angular unconformity formed as a result of Stage 2 deformation on Kotel’nyi
Island, which involved contractional deformation with S-to SW transport directions (modern coordinates) in the
mid-Paleozoic. In the latest Early Cretaceous–Late Cretaceous, three deformation stages were initiated by col-
lision between the western part of the Arctic-Alaska-Chukotka microcontinent and Siberia, forming the South
Anyui suture zone and overlapping orogenic belt. Stage 3 was characterized by the formation of major NW-
trending folds, thrusts, and both transfer dextral and sinistral strike-slip faults with a reverse component. During
Stage 4, the Arctic Alaska-Chukotka microcontinent moved westward. On Bolshoy Lyakhovsky Island, sinistral
strike-slip faults were formed, whilst E-W compression took place across the Anjou islands. In Stage 5, the Arctic
Alaska-Chukotka microcontinent shifted southward, forming a series of N-S-trending dextral strike-slip faults.
The ZHe and AHe ages (ca. 93–125 Ma) suggest that these deformation events were associated with significant
uplift in the western part of the NSI (Kotel’nyi and Bel’kovsky islands), whilst the eastern part (De Long Islands)
was marginally affected by these events without significant uplift. The Cenozoic extension event (Stage 6)
corresponds to the opening of the Eurasian Basin. This stage is manifested by the cooling episode (ca. 53 Ma,
Early Eocene, AHe) established in the eastern part of the NSI (Jeannette Island). The origins of the late Cenozoic
contractional deformations described from the Cenozoic deposits of the Anjou Islands (Stage 7) are unclear, but
were possibly caused by movements along the Eurasian and North-American lithospheric plates.
1. Introduction
The New Siberian Islands (NSI) archipelago is located in the eastern
part of the Russian High Arctic at the boundary between the Laptev and
East Siberian seas. It consists of three island groups: the Anjou, De Long
and Lyakhovsky Islands (Fig. 1). The NSI were extensively studied
30–40 years ago by Kos’ko et al. (1985), when the first geological maps
were compiled. In the Anjou, Lyakhovsky, and two islands of the De
Long group (Bennett and Henrietta islands), the general strike of
structures and location of the main unconformities were established,
major faults were mapped, and their kinematics determined. More re-
cently, the Anjou and Lyakhovsky Islands were visited, which comprise
the largest islands within the archipelago with the most extensive rock
exposures available to study (Brandes et al., 2015; Drachev, 1999,
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Fig. 1. (a) Regional setting of the study area; (b) sketch map of New Siberian Islands Archipelago showing studied locations (red rectangulars). (For interpretation of
the references to colour in this figure legend, the reader is referred to the web version of this article.)
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2002, Drachev et al., 2011; Drachev, 2016; Drachev et al., 1998;
Ershova et al., 2015a,b,2016b; Kos’ko and Trufanov, 2002; Kuzmichev,
2009; Piepjohn et al., 2017 and references therein). By contrast, com-
paratively few studies have focused on the small De Long Island group,
and many aspects of their geological history are still unknown or re-
main a matter of debate (e.g. Chernova et al., 2017; Ershova et al.,
2016a; Matushkin et al., 2016; Sobolev et al., 2014 and references
therein).
Several contrasting paleotectonic reconstructions have been pro-
posed for the affinity of the NSI. For example, Kuzmichev (2009) and
Danukalova (2016) suggested that the NSI were part of the Siberian
paleocontinent, whereas Zonenshain et al. (1990) argued that the NSI
formed a portion of the Arctida paleocontinent, which shared an affi-
nity with Laurentia until the late Mesozoic. The paleomagnetic study of
Vernikovsky et al. (2013) showed the differing apparent polar wander
paths of the NSI and Siberia, while Metelkin et al. (2014, 2015) pro-
posed that the NSI were a separate terrane in Paleozoic times but linked
to the Kolyma-Omolon microcontinent (superterrane) in Mesozoic
times. Recent detrital zircon studies of the Paleozoic succession on the
NSI suggest an affinity with Laurentia or Baltica (Ershova et al.,
2015a,b, 2016a,b).
At the present time, the NSI are mainly considered as part of the
New Siberian-Chukotka, New Siberian-Chukotka-North Alaska,
Chukotka-Alaska or Arctic Alaska-Chukotka microcontinents (super-
terranes, microplates) or the Arctida and Bennett-Barovia terranes (e.g.
Grantz et al., 1990; Lawver et al., 2002; Miller et al., 2006; Natal’in
et al., 1999; Nokleberg et al., 2001; Sengo¨r and Natal’in, 1996;
Vernikovsky et al., 2013 and references therein). It is assumed that the
Arctic Alaska-Chukotka microcontinent was separated by the South
Anyui/Angayucham Ocean from Siberia in the late Paleozoic and ac-
creted to northeast Asia in late Mesozoic time. However, the location
and continuation of the South Anyui Suture Zone from the mainland of
Siberia towards the New Siberian Islands and/or Laptev Sea is open to
discussion (e.g. Brandes et al., 2015; Drachev et al., 2011; Franke et al.,
2008; Kuzmichev, 2009; Metelkin et al., 2014, 2015; Piepjohn et al.,
2017 and references therein).
Structural geology investigations in the islands have been very
limited to date. Verzhbitsky (2004, 2009) defined the sequence of de-
formation structures on the western Bel’kovsky Island. Brandes et al.
(2015) carried out palaeo-stress field analysis and determined the
principle palaeo-shortening and palaeo-extension directions, proposing
a Meso-Cenozoic structural evolution. Piepjohn et al. (2017) have car-
ried out structural analyses across most of the NSI, and they have
proposed a succession of structural events and a possible explanation
for the continuation of the South Anyui Suture Zone to the west. Both
Piepjohn et al. (2017) and Shephard et al. (2013) supposed the ex-
istence of a transform fault along the margin of the Lomonosov Ridge,
along which the Arctic Alaska–Chukotka microcontinent moved re-
lative to the Eurasian margin.
However, many questions remain unresolved, including the se-
quence and timing of deformations, particularly those of the pre-
Mesozoic, their correlation within the archipelago, and relation to
geodynamic events manifested in this part of the Arctic. The principle
aim of this paper is to fill in these critical gaps in geological knowledge
and present data and interpretations obtained from three expeditions to
the NSI carried out during the summers of 2012, 2013 and 2014. Here
we present new data on the structural geology and low-temperature
thermochronology across Kotel’nyi and Bel’kovsky islands (Anjou
Islands), Henrietta, Jeannette and Bennett islands (De Long Islands),
and Bolshoy Lyakhovsky Island (Lyakhovsky Islands).
Our primary objectives were to: (1) study the structural geology to
define the sequence of tectonic deformations, (2) carry out a (U-Th)/He
low-temperature thermochronologic study of detrital zircons (ZHe) and
apatite (AHe) to determine the age of the uplifts and associated tectonic
events.
2. Structural geology and low-temperature thermochronology
2.1. Methods
2.1.1. Structural studies
The detailed structural studies have been conducted on six islands of
the NSI archipelago. During fieldwork we identified structural asso-
ciations formed during different deformational stages according to their
cross-cutting relationships, and carried out measurements of bedding,
cleavage, bedding-cleavage intersection lineation, and other structural
elements. These measurements were plotted up using the StereoNett
software. The orientation of striae on the slickensides were interpreted
based on approaches presented by Marrett and Allmendinger (1990)
and Allmendinger et al. (2012) using FaultKinWin software. In the text
below, we call σ1, σ2 and σ3 as tension, intermediate and compression
axes respectively. All stereonets are equal-area (Schmidt) diagrams,
with a lower hemisphere projection. Deformation stages and associated
structural elements were separately identified on each island. For their
designations, the first letters of the names of islands were used in the
upper case: J – Jeannette, H – Henrietta, B – Bennett, K – Kotel’nyi, Bl –
Bel’kovsky islands and L – Bolshoy Lyakhovsky islands. For example for
Jeannette island we have distinguished the following deformation
stages: DJ1…3, FJ1…2, SJ1. The correlation of deformation stages observed
across the studied islands is presented in the Discussion.
2.1.2. Low-temperature thermochronology
2.1.2.1. (U-Th)/He dating. (U-Th)/He detrital zircon and apatite
analyses were performed on 12 samples within the NSI. Samples were
crushed and the heavy minerals were concentrated using standard
techniques at the Institute of Precambrian Geology and Geochronology,
Russian Academy of Science. (U–Th)/He dating of detrital zircons and
apatite was carried out at the UTChron geochronology facility in the
Department of Geosciences at the University of Texas at Austin.
Apatite and zircon (U-Th)/He thermochronology measures radio-
genic 4He produced during the decay of 238U, 235U, 232Th and 147Sm.
Diffusion of helium in apatite and zircon is thermally controlled, oc-
curring readily at high temperatures. These minerals become increas-
ingly retentive of radiogenic helium as they cool through low-tem-
peratures in the uppermost crust (Harrison and Zeitler, 2005). Although
many studies invoke closure temperatures of∼70 °C (Farley, 2000) and
∼185 °C (Reiners et al., 2002; Wolfe and Stockli, 2010) for the AHe and
ZHe systems, respectively, this concept requires a monotonic cooling
history from open to closed system (Reiners and Brandon, 2006). As a
result, the closure temperature concept, and the idea of an AHe or ZHe
cooling age, is not of much use when applied to thermochronology of
sedimentary basins. In these environments, strata typically reside for
long durations at temperatures below 200 °C, in which apatite and
zircon may be partially retentive of radiogenic helium.
In addition to cooling rates, grain size and radiation damage also
control diffusion kinetics of helium in apatite and zircon (Farley, 2002).
In apatite, the accumulation of radiation damage in the crystal structure
results in an AHe system that is increasingly retentive of radiogenic
helium (Flowers et al., 2009; Gautheron et al., 2009; Shuster et al.,
2006). In the ZHe system, zircon becomes more retentive of helium
with increasing radiation damage, until a threshold amount of damage
is reached. Beyond this threshold, progressive radiation damage to the
crystal structure results in a substantial decrease in the retention of
radiogenic helium (Guenthner et al., 2013). A relative proxy for ra-
diation damage is the grain-specific effective uranium concentration
(eU = [U] + 0.235 • [Th]; Flowers et al., 2009), which is integrated
over the time spent below temperatures corresponding with fission
track annealing in apatite and zircon (Flowers et al., 2009; Guenthner
et al., 2013) to assess the effect of damage accumulation on helium
diffusion. Since apatite fission track annealing kinetics vary with
composition (Barbarand et al., 2003; Carlson et al., 1999; Green et al.,
1986), apatite chemistry must be understood in order to quantify
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relationships between AHe dates and eU (Gautheron et al., 2013). In-
terpretation of AHe and ZHe dates from sedimentary rocks is compli-
cated due to intra-sample variability of grain size (Beucher et al., 2013;
Brown et al., 2013), chemistry (Djimbi et al., 2015; Gautheron et al.,
2013) and radiation damage, compounded with the effects of an un-
known pre-depositional thermal history of the accessory minerals
(Guenthner et al., 2015).
2.1.2.1.1. Thermal history modelling. In order to understand the
implications of our apatite and zircon (U-Th)/He data for the thermal
history of the NSI, we performed inverse and forward thermal history
modelling using the software HeFTy (Ketcham, 2005; version 1.9.1).
HeFTy uses a Monte Carlo approach to generate time-temperature paths
through user specified time-temperature constraints, and then applies a
combined merit function to assess the agreement between modeled and
empirical data. Paths are deemed as “acceptable” or “good” should they
meet certain statistical precision limits. Due to the limited
understanding on burial and exhumation history of the NSI, our
inverse models search for a single heating and cooling event from
deposition to present day. For a given inverse model, we incorporate a
subset of 2–4 AHe dates that span the range of observed AHe ages and
eU concentrations for the sample, and model these dates with a 10%
error. Next, we use forward modelling of discrete t-T histories that fall
within the solution envelope to determine whether dispersion amongst
AHe and ZHe dates can be accounted for by maximum burial
temperatures and cooling histories indicated from inverse modelling.
Forward models for apatite show the predicted AHe date-eU trends for
standard fluorapatite (0.83 rmr0) as well as apatite chemistries that are
more (< 0.4 rmr0) and less (< 0.9 rmr0) resistant to thermal annealing
of radiation damage. Forward models for ZHe data plot the ZHe
inheritance envelope (Guenthner et al., 2015), which encompasses
the expected date-eU trends for a range of all possible pre-depositional
histories from the maximum U-Pb date to a zero-inheritance
depositional age (Ershova et al., 2016a).
All detrital zircon and apatite (U-Th)/He analytical results are
provided in Attachment 1.
2.2. De Long Islands
2.2.1. Structural studies of Jeannette Island (southern part)
The Upper Cambrian volcaniclastic rocks (Ershova et al., 2016a) in
the studied part of the island generally dip to the W-SW at angles of
40–70° (Fig. 2a, b). Folds FJ1, varying in width from a few meters to a
few tens of meters, are observed, often accompanied by the axial plane
cleavage SJ1, mostly dipping towards the east (Fig. 3a, b). The folds are
associated with west-northwest-directed thrusts, thus confirming a
general westward direction of tectonic transport. There are en-echelon-
arranged quartz veins defining shear zones characterized by thrust ki-
nematics (Fig. 3c). The cleavage and bedding intersection lineation LJ1
plunge southeastward at 5–15° (Fig. 2b). The rocks are metamorphosed
to greenschist facies (Dorofeev et al., 1999). Chlorite and sericite occur
on the cleavage planes, suggesting that the metamorphic event was
related to first deformation stage (DJ1). Late Cambrian dolerite dykes
(497.23 ± 1 Ma, plagioclase, 40Ar/39Ar) trend mainly to the WNW-
ESE and locally NE-SW (Prokopiev et al., 2017), and intruded into both
folded and undeformed strata (Fig. 3d). There are small-scale normal
faults with fault planes inclined to the east (DJ2), which displace de-
formed sedimentary rocks and late Cambrian dykes (Fig. 3e, f).
2.2.2. Structural studies of Henrietta Island
The island comprises Ediacaran (Unit A) and Cambrian (Unit B)
volcaniclastic rocks (Ershova et al., 2016a) with similar structural
styles. Unlike Jeannette Island, located∼ 50 km to the east, the rocks of
Henrietta island are unmetamorphosed. Slickensides and cleavage
planes have not been reported within the studied locations. The Edia-
caran part of the succession (Unit A) is intruded by mafic dykes yielding
ages of ca. 562 Ma (plagioclase, 40Ar/39Ar, Prokopiev et al., 2017),
trending mainly to the NW-SE (Fig. 4). The most intense deformation is
found near Cape Sadko in the southwest of the island. Here, there are
numerous thrusts of the first deformation stage (DH1 ) of different scales,
characterized by west-directed transport and accompanied by NNW-
SSE trending FH1–folds of different scales which are partly overturned to
the WSW (Figs. 4c, 5 a–e). The fold axes are gently plunging (up to
15–25°) to the NNW. The thrusts have displaced Ediacaran dykes
(Fig. 5d). Rocks in the south and southeast of the island are slightly
deformed (Fig. 4a). They dip gently (up to 12°) to the WNW. Open
small-scale folds (FH1 ) are rare. Volcaniclastic rocks in the east and north
are weakly deformed too. Unit B is overlain by basalts of Late Cambrian
age (Unit C) (491.2 ± 2.2 Ma, plagioclase, 40Ar/39Ar, Prokopiev et al.,
2017) (Fig. 4). Deformations of the second stage (DH2 ) are represented
by FH2–folds with relatively steeply dipping axes (up to 60–70°) (Fig. 5f).
These folds are associated with NW-SE-trending strike-slip faults with a
reverse slip component. These faults deformed Late Cambrian basalts
(Unit C) (Fig. 4a). Undeformed thin mafic dykes intruded Late Cam-
brian basalts. Ediacaran and Middle-Upper Cambrian volcaniclastic
rocks contain basaltic trachyandesite sills (419.2 ± 3.7Ma, 40Ar/39Ar)
(Ershova et al., 2016a). Therefore, it is possible that the undeformed
dykes are also of Late Silurian-Early Devonian age, and their formation
coincided with the second deformation stage (DH2 ). There are small-
scale normal faults with fault planes inclined to the east and west,
which have displaced deformed rocks in the southern part of the island
(DH3 ).
2.2.3. Structural studies of Bennett Island
Cambrian and Ordovician carbonate and clastic rocks are exposed
on Bennett Island (Danukalova, 2016; Kos’ko et al., 1985) and are de-
formed into a broad anticline FB1 with a width of up to 20 km (DB1)
(Kos’ko et al., 1985). The limbs of this fold dip gently (10–15°) to the
ENE and WSW (Fig. 6). The anticlinal axis plunges gently to the NNW.
Cleavage is absent. Some small-scale N-S-trending reverse faults have
been observed. The folded strata are overlain with an angular un-
conformity by Cretaceous basalts dated as 106–124 Ma (Drachev, 1999;
Fedorov et al., 2005).
2.2.4. Low-temperature thermochronology ((U-Th)/He studies)
AHe and ZHe ages from the six samples collected from the De Long
islands have been obtained (Fig. 7a, b). The AHe ages from the Cam-
brian rocks of Jeannette Island (sample13AP24) are Cenozoic in age,
averaging at ca. 53 Ma. The 13AP26 ZHe ages from the same formation
show a range of middle Paleozoic ages averaging at 414 ± 15 Ma.
The three samples from Henrietta Island exhibit a different ex-
humation-cooling history. AHe ages obtained from the sandstone
(sample 13AP68, Unit B), collected in the less deformed southeastern
part of the island, exhibit a wide dispersal of ages, suggesting that
samples were located in the partial resetting zone for a long period of
time. This suggestion has been supported by further modelling. The
13AP59 sample originated from the more intensely deformed south-
western part of the island and contains much younger mainly
Cretaceous AHe ages. The ZHe ages from the 9-va-13-38 samples show
a range of middle Paleozoic ages averaging at ca. 398 ± 22 Ma. The
ZHe ages from the Lower Ordovician deposits of Bennett Island show
ages between 470 and 318 Ma, averaging at 378 ± 38 Ma.
2.2.4.1. Thermal modelling of (U-Th)/He data. Inverse thermal history
modelling was performed using 4 grains from sample 13AP68 (Fig. 8A)
from the eastern, undeformed section of Henrietta Island. Model results
indicate a protracted heating and cooling history throughout the
Phanerozoic, residing at temperatures< 90 °C since the Carboniferous
and cooling to surface temperatures from the Early Jurassic to present.
Forward modelling tests the effects of increasing maximum burial
temperature from 80 to 140 °C, and model results indicate that much
of the AHe date dispersion can be replicated when a range of annealing
kinetics are taken into account (Fig. 8B). Our models suggest that old
A.V. Prokopiev et al. Journal of Geodynamics 121 (2018) 155–184
158
Fig. 2. (a) Simplified geological map of southern part of Jeannette Island, modified from Ershova et al. (2016a); (b) bedding, cleavage SJ1, bedding-cleavage
intersection lineation LJ1 and thrusts diagrams (equal-area projection, lower hemisphere; n – number of measurements). (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article).
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AHe dates with low eU concentrations may be meaningful data, as they
can be explained by apatite with retentive annealing kinetics that have
been accumulating radiation damage for substantial time periods prior
to deposition. Whereas all modelled temperatures yield date-eU trends
that can account for most of the AHe data, one possible interpretation is
that 140 °C is perhaps too high a temperature, as some of the AHe dates
do not fall within the AHe inheritance envelope. Forward models of
ZHe data (Fig. 8C) indicate that progressively more ZHe data are
accounted for as maximum temperatures increase from 80 to 140 °C.
For these reasons, we suspect that maximum burial temperatures of
Henrietta Island are likely in the range of 110–140 °C. Comparatively,
modelling of sample 13AP59 from the western faulted region of
Henrietta Island requires a discrete thermal history from 13AP68,
experiencing a more protracted cooling history at higher
temperatures from the Jurassic through Late Cretaceous (Fig. 8A).
The inverse model for Jeannette Island (Fig. 9A) only constrains the
Cenozoic cooling history of the Island and provides limited information
on maximum temperatures, due to the small range in eU concentrations
and limited AHe date dispersion in sample 13AP24. As a result, forward
models follow the same burial history as Henrietta Island (Fig. 8A).
Inheritance envelopes for ZHe data indicate that temperatures between
110–140 °C are sufficient to account for most of the ZHe data in sample
13AP26 (Fig. 9C). Whereas the 140 °C forward model is within error of
many of the dates from sample 13AP74 from Bennett Island, it is pos-
sible that Cambrian-Ordovician strata experienced higher tempera-
tures.
2.3. Anjou Islands
2.3.1. Structural studies of Kotel’nyi Island
Kotel’nyi Island comprises a deformed Ordovician to Jurassic sedi-
mentary succession unconformably overlain by Lower Cretaceous
sandstones and volcanic deposits in the central part of the island, with a
limited distribution of Cenozoic rocks filling in small grabens and de-
pressions. The Paleozoic history of deformation on Kotel’nyi Island is
poorly understood. An angular unconformity at the base of the Lower
Carboniferous strata was identified in the southwest of Kotel’nyi Island,
where Lower Carboniferous rocks lie on Ordovician, Silurian and
Devonian strata, but has been poorly studied to date (Kos’ko et al.,
1985).
Intrusive rocks include a small number of dykes, stocks, and sills of
middle to late Paleozoic diabase and gabbro-diabase, typically 6–7 km
long and up to several tens of meters thick. The dykes mainly have a
NW-SE strike. Some late Mesozoic NW-SE striking dolerite dykes up to
several tens of meters in thickness have intruded into Triassic rocks
(Dorofeev et al., 1999; Kos’ko et al., 1985; Kos’ko and Korago, 2009;
Prokopiev et al., 2017) (Fig. 10). Exposed tectonic structures in Ko-
tel’nyi Is. form part of a fold-and-thrust belt. The NW striking Chokur
anticlinorium, the Balyktakh synclinorium, and the Reshetnikov anti-
clinorium are recognized from south to north (Fig. 10).
The rocks of Kotel’nyi Island are deformed into north-west trending
folds accompanied by NW-SE trending thrusts (Kos’ko et al., 1985;
Kos’ko and Korago, 2009). One of the largest is the Mikhailov thrust,
Fig. 3. Structures on Jeannette Island: (a) fold FJ1 accompanied by the axial plane cleavage SJ1, dipping towards the east. zones; (d) mafic dykes; (e) normal faults with
fault planes inclined to the east; (f) normal faults displace Ediacaran dyke. (For interpretation of the references to colour in this figure legend, the reader is referred to
the web version of this article).
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Fig. 4. (a) Simplified geological map of Henrietta Island, modified from Ershova et al. (2016a), Kos’ko and Korago (2009) and Vinogradov et al. (1975) and
geological cross-section; (b) stratigraphic column, modified from Ershova et al. (2016a); (c) pole to bedding and thrust plane diagrams (equal-area projection, lower
hemisphere; n – number of measurements). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this
article).
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separating the Balyktakh synclinorium and the Chokur anticlinorium.
Within the Balyktakh synclinorium and the Reshetnikov anticlinorium,
there are approximately N-S and NW-SE striking dextral strike-slip
faults (Upper-Balyktakh, Tuor-Yurekh and Kozhevin faults) (Fig. 10)
(Drachev, 1989; Kos’ko et al., 1985) with up to 10 km horizontal dis-
placements, which have displaced Lower Cretaceous deposits. Struc-
tural relationships between the thrusts and strike-slip faults are unclear.
S-shaped bending of fold axes associated with the thrusts indicate that
they are older in age than the strike-slip faults (Kos’ko and Korago,
2009; Parfenov and Kuz’min, 2001).
According to Kos’ko and Korago (2009), two generations of fold and
thrust structures are recognized – 1) NW-SE trending early thrusts
probably with a strike-slip component and associated folds, and 2) N-S-
trending normal and strike-slip faults.
Brandes et al. (2015) reported that in the central part of the island
E-W and NNW-SSE trending fractures are developed. In the NW of the
Island, N-S and NE-SW-trending fractures dominate. There is evidence
for NNE–SSW-trending sinistral strike-slip faults. In the SW of the is-
land, fracture sets dominate, consisting of NNE–SSW- and NW–SE-
trending joints. In addition, NW–SE-oriented sinistral strike-slip faults
occur.
According to previous studies, the deformation structures on
Kotel’nyi Island were related to two main geodynamic events: 1) the
closure of the South Anyui (Angayucham) Ocean basin and formation of
the South Anyui suture (contractional structures) in Early Cretaceous
time, and 2) the subsequent opening of the Eurasian Basin (extensional
structures) in Late Cretaceous-Cenozoic times (Kos’ko and Korago,
2009; Nokleberg et al., 2001; Parfenov and Kuz’min, 2001; Brandes
et al., 2015; Piepjohn et al., 2017 and references therein). The con-
tinuation of the South Anyui suture in the Laptev Sea shelf and in the
area of the NSI is open to discussion. Some authors suppose it is located
in the central part of the Anjou Islands (Fujita et al., 1997; Natal’in
et al., 1999; Parfenov et al., 1993a, b; Spektor et al., 1981), others place
it to the west of Kotel’nyi and Bel’kovsky Islands (e.g. Brandes et al.,
2015; Drachev et al., 1998; Drachev, 2002; Franke et al., 2008), whilst
others think that Kotel’nyi Island is a separate passive margin terrane
(Drachev et al., 2010). It is also suggested that the South Anyui suture
continues to the east of the De Long Islands (Metelkin et al., 2014,
2015). Piepjohn et al. (2017) suggested that the South Anyui Suture
Zone is truncated by a N-S trending dextral fault zone, which was re-
sponsible for the NW-SE trending structures on Kotel’nyi and Belkovski
islands, and which has later been reactivated by extension of the Laptev
Sea Rift. Recent U-Pb detrital zircon studies of the Paleozoic succession
of the NSI showed similar provenance fingerprints of Cambrian to
Carboniferous deposits, indicating that the New Siberian Islands were
part of the same tectonic plate and have experienced a similar geolo-
gical evolution throughout the Paleozoic (Ershova et al., 2015a,b,
2016a,b; Ershova et al., 2018).
There are several geological constraints defining the sequence and
age of deformation across the Anjou islands:
1 The main folding, shown on all geological maps, has a NW-SE trend
Fig. 5. Structures on Henrietta Island: (a) west-directed thrust (DH1 ); (b) NNW-SSE trending FH1 folds; (c) small-scale west-directed thrust (DH1 ); (d) the thrust have
displaced Ediacaran dyke; (e) FH1–folds overturned to the WSW; (f) FH2–folds with relatively steeply dipping axes (DH2 ). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article).
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Fig. 6. (a) Simplified map of Bennett Island and bedding diagram (equal-area projection, lower hemisphere; n – number of measurements); (b) stratigraphic column,
modified from Danukalova (2016), Ershova et al. (2016a) and Kos’ko and Korago (2009). ϵ – Cambrian, O – Ordovician, K1 – Lower Cretaceous, Q – Quaternary. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
Fig. 7. (a) (U-Th)/He zircon ages plotted against e(U) concentration; (b) (U-Th)/He apatite ages plotted against e(U) concentration. See text for discussion. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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and affected Ordovician-Jurassic rocks across Kotel’nyi and
Bel’kovsky islands, as well as to the east on the Zemlya Bunge Island
(Kos’ko et al., 1985; Kos’ko, Korago, 2009; Trufanov et al., 1986).
2 An unconformity (possibly angular) truncated the Paleozoic,
Triassic and Jurassic rocks at the base of the Aptian-Albian deposits
in the central part of the island (Kos’ko et al., 1985; Kos’ko, Korago,
2009; Kuzmichev et al., 2009; Nepomiluev et al., 1979).
3 Aptian-Albian deposits of the central part of Kotel’nyi island are
deformed into a wide asymmetric (dip reaches 45–60° on eastern
limbs and 5–8° on the western) low-amplitude syncline with a N-S
and NNW-SSE trend of the axial trace (Kos’ko et al., 1985; Kos’ko
and Korago, 2009; Kuzmichev et al., 2009). The strike of Aptian-
Albian deposits sharply differs from the NW-SE trend of the under-
lying folded strata. These structures cannot be the result of glacio-
tectonics during regional glaciation in the second half of the middle
Pleistocene, as deformation described from the Novaya Sibir Island
(Danukalova and Kuzmichev, 2014; Piepjohn et al., 2017) the gla-
cier did not reach the central part of the Kotel’nyi Island or Bel’k-
ovsky Island (Basilyan et al., 2009, 2010).
4 Large dextral strike-slip faults in the central part of Kotel’nyi Island
Fig. 8. Thermal history models for Henrietta
Island. (A) Inverse thermal history model for
sample 13AP68, as well as three t-T histories
(I, II, III) invoked in forward modelling.
Dashed line indicates the proposed cooling
history for 13AP59. An inverse model for this
sample is included in the online data re-
pository. (B) AHe forward models for 13AP68
and 13AP59. Models show probable date-eU
trends for a range of grain size and annealing
kinetics (rmr0: Carlson et al., 1999; Ketcham
et al., 2007). Apatite dates in black indicate
data incorporated into the inverse thermal
history model. (C) ZHe forward models that
highlight the expected “inheritance envelope”
(Guenthner et al., 2015) that encompasses
modelled ZHe date-eU trends for all possible
predepositional histories in the detrital zircon
population. (For interpretation of the refer-
ences to colour in this figure legend, the reader
is referred to the web version of this article).
Fig. 9. Thermal history models for data from
Jeannette and Bennett islands. (A) Inverse
thermal history model for sample 13AP24, as
well as three t-T histories (I, II, III) invoked in
forward modelling. (B) AHe forward models
for 13AP24. Models show probable date-eU
trends for a range of grain size and annealing
kinetics (rmr0: Carlson et al., 1999; Ketcham
et al., 2007). Apatite dates in black indicate
data incorporated into the inverse thermal
history model. (C) ZHe forward models that
highlight the expected “inheritance envelope”
(Guenthner et al., 2015) that encompasses
modelled ZHe date-eU trends for all possible
predepositional histories in the detrital zircon
population. ZHe data are plotted for both
Jeannette and Bennett islands. (For inter-
pretation of the references to colour in this
figure legend, the reader is referred to the web
version of this article).
A.V. Prokopiev et al. Journal of Geodynamics 121 (2018) 155–184
164
predominantly have N-S strike and displace both the folds with NW-
SE strike and the Aptian-Albian sediments (Kos’ko et al., 1985;
Kos’ko and Korago, 2009).
5 The limited distribution of Paleogene-Neogene deposits overlie
older folded rocks with a sharp angular unconformity and often fill
in small grabens.
2.3.1.1. Station Lagoon (Area 1). Area 1 comprises Devonian and
Carboniferous (?) deformed carbonate rocks and Permian –Triassic
clastics overlain by subhorizontal Neogene-Quaternary deposits
(Figs. 10 and 11). In general, the Devonian – Triassic rocks are
deformed into NW-SE-striking concentric and cylindrical folds of
varying size, which are associated with SW- and NE-dipping thrusts.
According to detailed structural studies, the following several stages of
deformation are recognized here.
The deformations of the first stage (DK1) are represented by folds and
thrusts of WNW-ESE strike, involving Lower Devonian strata of the
Basykh-Karga Formation (locality 11) and Shlyupka Formation (locality
37), along with Middle Devonian rocks of the Sokolov Formation in the
north and west of Area 1 (locality 3 and 40, respectively) (Fig. 12).
The deformed Middle Devonian rocks are unconformably overlain
by Upper Devonian rocks. The angular unconformity is exposed in lo-
cality 40, ∼1.5 km southwest of the Sokolov River mouth. Here, the
deformed Middle Devonian carbonates of the Sokolov Fm. are overlain
by alternating varicolored clays and siltstones with subordinate beds of
marls, bioclastic limestones and sandstones of the Upper Devonian
(Frasnian) Nerpalakh Fm. (Fig. 12). The Middle Devonian rocks are
dipping to the NNE and are affected by S-SW-vergent folds FK1 and by
thrust faults of the same transport direction (Fig. 13a; diagrams 9, 10 in
Fig. 12). Cleavage is absent. The fold axes plunge gently (< 11–21°) to
the ENE (51–80°) (diagrams 9, 10 in Fig. 12), almost orthogonal to the
general NW-SE strike of folding on Коtel’nyi Island. The overlying
Upper Devonian rocks are located on the south-west limb of an open
fold with a width of ∼600m and a dip of 35° to the NE. The axis of this
superimposed fold is inclined to the NW (az. 308°) at an angle of 30°
(diagram 14 in Fig. 12), parallel to the axes of major fold structures on
Fig. 10. Geological map of the Belkovsky Island and western Kotel'nyi Island with location of study areas (red rectangulars). Shown in the lower left corner is a
tectonic zonation sketch map (modified from Parfenov and Kuz’min, 2001). Faults: 1 – Mikhailov thrust, 2 – Upper-Balyktakh dextral strike-slip, 3 – Tuor-Yurekh
dextral strike-slip fault. R – Reshetnikov anticlinorium, B – Balyktakh synclinorium, C – Chokur anticlinorium. (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)
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the island.
A few kilometers to the south from this exposure at locality 37,
limestones of the Shlyupka Formation (Emsian) are deformed into tight
to isoclinal folds FK1, striking W-E and cut by S-SW-directed thrusts
(Figs. 12 and 13b). The Shlyupka Formation displays similar structural
patterns to those observed in the Givetian limestones of the Sokolov
Formation near the Sokolov River mouth. These similarities in struc-
tural style provide additional evidence that pre-Frasnian strata have a
Fig. 11. Geological map of Area 1 (a) and stratigraphic column (b) (modified from Prokopiev et al., 2018; Kos’ko et al., 1985). For location see Fig. 10. (For
interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
Fig. 12. Geological map of Area 1 (modified from Kos’ko et al., 1985) with pole-to-bedding diagrams (equal-area projection, lower hemisphere; n – number of
measurements). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article).
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different structural style compared to overlying Paleozoic and Mesozoic
succession across the study area, and were therefore involved in an
older tectonic event which the younger Paleozoic and Mesozoic for-
mations above the inferred unconformity did not experience. Thus, our
studies show that the Lower-Middle Devonian rocks were folded before
the Frasnian strata were deposited and that this event is determined as
the first deformation stage (DK1).
The pre-Fransian angular unconformity is described from localities
52 and 60 (Cape Domashnii) (Fig. 12), where rocks of the Nerpalakh
Formation also lie with angular unconformity on Sokolov Formation
strata (Prokopiev et al., 2018).
The second deformation stage (DK2) structures are represented by
major fold structures of Kotel’nyi Island, with a NW-SE trend easily
observed in the Paleozoic and Mesozoic deposits across the island
(diagrams 14, 5, 8, 6 and 7 in Fig. 12, respectively). The NW-SE trend is
also observed in the underlying Lower-Middle Devonian rocks, which
seem to have undergone DK1 deformation. Diagrams 1, 2, 13, 14, 15 and
16 (Fig. 12) illustrate changes in the strike of measured and estimated
axes of FK2 folds of these rocks – from NW–SE to NNW – SSE (az.
121–159°) and their dip angles (1–30°).
The Permian clastic rocks dip to the northeast at 45–85°. They form
an open syncline FK2 of NW-SE strike (az. 109°, angle 4°) (Fig. 12).
The Triassic rocks over most of the study area dip to the northeast at
5–45°. In the NE, they are more steeply dipping (75–85°). We suppose
that the rocks are deformed into two large asymmetric NW-SE striking
FK2-synclines and an anticline in between them, overturned to the
northeast. The width of these folds attains a few kilometers. Rocks of
Upper Triassic age are exposed in the core of the synclines, while in its
limbs and in the core of the anticline, exposures of Lower-Middle
Triassic deposits are documented (Fig. 12). In the southwestern limb of
the southwestern syncline, low-amplitude low-angle thrusts with SW-
transport directions are developed (Fig. 14a).
The observed thrusts and associated small-scale folds of the second
stage (DK2) dip mainly to the NE and SW (Figs. 14b and 15). Dip angles
of the thrusts range widely, with angles of 60–90° predominating.
Bedding-plane parallel detachment faults are widespread (Fig. 15) and
slickenside lineations are almost perpendicular to the axes of FK2 folds.
The observed and estimated amount of displacement on the thrusts
rarely exceeds a few tens of meters. The orientation of the thrusts and
bedding-plane parallel detachment faults indicates that their formation
is related to folding FK2.
Stress fields are restored based on slickenside lineations on thrusts
and bedding-plane fault surfaces, suggesting a sub-vertical tension (σ1)
axis and sub-horizontal (NE-SW) compression (σ3) axis, typical for en-
vironments characterized by regional compressive stresses. The inter-
mediate (σ2) axis is almost parallel to the NW-SE Kotel’nyi Island
structural trend. Compression axis σ3 gently plunges to the NE and SW,
and is almost normal to FK2 folds trend (Fig. 15).
Based on slickenside lineations and displacements of marker beds,
sinistral and dextral strike-slip faults with a reverse component of dis-
placement have been identified in the studied Paleozoic and Mesozoic
succession (Figs. 14c and 15). These transfer faults were formed during
the second stage of DK2 deformation. Trends of sinistral strike-slip faults
with a component of reverse displacement are mainly ENE-WSW, and
dextral strike-slip faults are NNE-SSW (Fig. 15). According to our esti-
mate, the amount of horizontal displacement along the transfer strike-
slip faults ranges up to a few tens of meters. This was established by
tracking the displacement of the marker bed along the outcrops of
streams oriented sub-parallel to the strike-slip faults.
There are many ∼ N-S trending thrusts (Fig. 15) of unknown origin.
It can be assumed that there was a stage of W-E shortening during DK3,
which led to deformation of the Aptian-Albian deposits of the central
part of Kotel’nyi Island into asymmetric low-amplitude synclines with
N-S and NNW-SSE trends (Kos’ko et al., 1985; Kos’ko and Korago, 2009;
Kuzmichev et al., 2009).
N-S trending dextral strike-slip faults, dextral strike-slip faults with
a reverse slip component and, possibly, dextral strike-slip faults with a
normal slip component are associated with the fourth deformation stage
(DK4). This component of normal slip does not contradict the structure
of the strike-slip zones, since displacements can be associated with local
extension. Sometimes these strike-slip faults are associated with steeply
plunging small-scale folds. These faults are subparallel to N–S trending
large dextral strike-slip faults in the central part of Kotel’nyi Island,
which displaced both the folds of NW-SE strike and the Aptian – Albian
deposits (e.g. Kos’ko et al., 1985; Kos’ko and Korago, 2009). Stress
fields related to dextral strike-slip faults with horizontal striae on
slickensides suggest that sub-horizontal tension and compression axes
plunge to the SE and NE, respectively. The intermediate axis is vertical
(Fig. 15).
In general, the stress field responsible for forming all thrusts, bed-
ding plane faults and strike-slip faults was characterized by NE-SW
compression, which was prevalent in the DK2-DK4 stages.
Normal faults of the fifth stage (DK5) are common and characterized
by a NNW-SSE trend (Figs. 14d and 15), deforming rocks both of Pa-
leozoic and Triassic age. They dip steeply at 50–90°. The stress field
related to normal faults is characterized by a horizontal tension (σ1)
axis, which gently plunges to the SW, and a compression (σ3) axis which
is sub-vertical. The intermediate (σ2) axis is sub-horizontal and sub-
parallel to the normal faults trend (Fig. 15). Thus, extension occurred in
a WSW-ENE direction across Area 1. We can assume that sinistral strike-
slip faults with a normal slip component of WNW-ESE and ENE-WSW
Fig. 13. An angular unconformity (yellow line) at the top of Sokolov Fm. (D2sk)
(Middle Devonian) overlain by Frasnian Nerpalakh Fm. (D3nr) (Upper
Devonian) (a) and tight to isoclinal fold overturned to NNE in Lower Devonian
carbonates (Shlyupka Formation) modified from Prokopiev et al., 2018). (For
interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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trends, and dextral strike-slip faults with a normal slip component of
WNW-ESE trends, form transfer faults related to these normal faults.
The tension (σ1) axis for sinistral and dextral strike-slip faults with a
normal fault component gently plunges to N–NW (Fig. 15).
2.3.1.2. Tas-Ary Island (Area 2). Tas-Ary Island itself represents the NE
limb and core of the large Tas-Ary syncline, with a minimum width of
3–5 km. The core of the fold comprises deformed Frasnian-Lower
Permian rocks. These folded rocks are overlain with a sharp angular
unconformity by mildly deformed Paleogene-Neogene deposits
(Fig. 16).
The Tas-Ary syncline has a NW-SE strike parallel to the main folding
of the FK2 stage on Kotel’nyi Island. Its axis dips gently towards the
southeast (Fig. 16). This is also outlined by the orientation of the
cleavage and bedding intersection lineation LK2 (Figs. 16 and 17a).
Bedding planes dip mainly to the southwest and northeast at 30–60°.
The Tas-Ary syncline is NE-vergent, with steeply NE-dipping bedding-
planes on the northeastern limb (up to 70°) and gently SW-dipping
bedding-planes on the SW limb. In the limbs of the syncline, there are
symmetric and asymmetric, concentric and cylindrical folds (FK2), with a
width and amplitude ranging from a few meters to tens of meters
(Fig. 18a, b). Orientation of their axes is close to the strike of the Tas-
Ary syncline (Fig. 16). The mean fold axis of the Tas-Ary syncline
plunges at 13° to the SE (dip az. 137°) (Fig. 16).
Cleavage SK2 (Fig. 17b) occurs everywhere within Devonian-Carbo-
niferous clastic rocks but is limited within massive carbonate units.
There are observed cases of cleavage refraction (Fig. 17c). No cleavage
is observed in the youngest Lower Permian succession in the north-
eastern limb of the Tas-Ary syncline and in its core. In general, the
cleavage is fanning and has NW-SE strike and dips to the NE in the SW
limb, and to the SW in the NE limb of the Tas-Ary syncline (Fig. 16).
The NW-SE strike of folding and cleavage observed within Upper De-
vonian-Permian rocks in this area are similar to those which occur
above the angular unconformity across Area 1. Consequently, we at-
tribute these deformations to the second generation (DK2).
The observed thrusts and associated small-scale folds (FK2) plunge
mainly to the NE and SW (Figs. 16 and 18c, d). Bedding-plane parallel
detachment faults and contraction faults are widespread (Fig. 19). In
general, the thrusts form imbricate fans with a wide range of dip angles,
with angles of 50–70° predominating. The observed and estimated
amount of displacement along the thrust faults is usually less than a few
tens of meters.
Numerous strike-slip faults with a reverse or normal slip component
cross-cutting the Tas-Ary syncline are observed (Figs. 16 and 17d), with
locally associated small-scale folds with steep axes. Based on our
measurements of the amount of displacement of the marker beds in
outcrops of streams that are oriented orthogonally to the axis of the Tas-
Ary syncline, we estimated the amount of horizontal displacement
along the strike-slip faults to range up to a maximum of a few hundred
meters. Trends of sinistral strike-slip faults with a reverse slip compo-
nent are mainly WNW-ESE and NE-SW, and with normal slip compo-
nent ENE-WSW, or more rarely NE-SW (Fig. 19). Trends of dextral
strike-slip faults with a reverse slip component are mainly NNW-SSE
and NNE-SSW, and with normal slip component ENE-WSW. These
transfer faults were formed at the same stage of DK2 as the Tas-Ary
syncline, small folds of FK2, and thrusts of NW-SE strike.
Stress field restoration is based on shear fractures with reverse,
strike-slip and normal fault displacement (Fig. 19). The stress field
Fig. 14. Selected photo showing structures observed across Area 1: (a) SW-directed thrust fault in Lower Triassic rocks; (b) folded and thrust-faulted rocks of the
Lower Devonian Shlyupka Formation. Transport along the thrust is towards SW; (c) dextral slickensides on the surface of NNE-SSW trending strike-slip fault; (d)
normal fault in the Middle Devonian rocks with downthrow towards the WSW. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)
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related to thrusts and bedding-plane faults is characterized by a sub-
vertical tension (σ1) axis and sub-horizontal compression (σ3) axis, ty-
pical for regional compressive stress environments of the second de-
formation stage (DK2). The compression axis σ3 gently plunges to the SW
and is almost normal to the Tas-Ary syncline axis.
The stress field recorded by all transfer strike-slip faults is char-
acterized by sub-horizontal tension (σ1) and compression (σ3) axes. The
compression axis σ3 gently plunges to the SW, and the tension (σ1) axis
to the SE. The intermediate (σ2) axis is sub-vertical (Fig. 19). The ten-
sion axes estimated separately for the transfer sinistral and dextral
strike slips with a reverse slip component are similar to those of the
thrusts and bedding-plane faults, which indicates their formation in a
single stress field together with the development of tectonic structures
of the second stage (DK2) (Fig. 19).
There are several thrusts with a ∼N-S trend of the third stage of DK3,
which are widely manifested in Area 1 (Fig. 19).
Deformations of the fourth stage (DK4) are represented by the NNW-
SSE and NNE-SSW trending dextral strike-slip faults (Fig. 19), which
locally deform the cleavage of SK2. The stress field related to dextral
strike-slip faults of NNW-SSE and NNE-SSW trends is characterized by a
sub-vertical tension (σ1) axis and a compression (σ3) axis which plunges
to the NE. (Fig. 19).
Fig. 15. Faults & striae data diagrams of Area 1. Axes: 1 – tension, 2 – intermediate, 3 – compression.
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Fig. 16. (a) Geological map of Area 2; (b) stratigraphic column, modified from Kos’ko et al. (1985); (c) pole to bedding and cleavage, and intersection lineation
diagrams (equal-area projection, lower hemisphere; n – number of measurements). Formations: D3nr – Nerpalakh, D3-C1ck – Chokur, C1ts – Tas-Ary, P1bl – Bel’kov,
Pg-Ng – Paleogene-Neogene, Q – Quaternary. For location see Fig. 10. (For interpretation of the references to colour in this figure legend, the reader is referred to the
web version of this article.)
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In general, the stress field responsible for forming all thrusts, bed-
ding plane faults and strike-slip faults is characterized by NE-SW-
trending compression, which prevailed during the DK2–DK4 stages.
The Cenozoic deposits are characterized by subhorizontal or slightly
inclined bedding, and faulted by small-scale normal faults of the fifth
stage (DK5) (Fig. 20a). The normal faults also deform the Paleozoic rocks
(Fig. 20a, b). Dip angles of the normal faults are steep (70–90°). The
faults mainly have a NE-SW trend (Fig. 19), which is different to the
orientation of the normal faults in Area 1 (see Fig. 15).
The stress field related to the normal faults is characterized by a
horizontal tension (σ1) axis gently plunging to the SE, almost normal to
the normal faults, and a sub-vertical compression (σ3) axis. The inter-
mediate (σ2) axis is sub-horizontal (Fig. 19).
There is a single observation of the deformation of Paleogene-
Neogene deposits by SW directed reverse faults (Fig. 20c), which can be
attributed to the sixth deformation stage (DK6).
2.3.1.3. Anjou Cape (Area 3). Deformed terrigenous-carbonate rocks of
Upper Devonian age (Nerpalakh Fm.) (Kos’ko et al., 1985) are exposed
here in the core of a large FK2 synclinal fold (Fig. 21), similar to Tas-Ary
Island. The fold axis plunges to the WNW. Bedding dips to the WNW at
20–40° with superimposed cleavage of SK2 (Fig. 21, diagram). Small
folds are observed with axes oriented in the same direction as the axis
of the large syncline FK2. The bedding-cleavage intersection lineation LK2
also plunges to the WNW. Along the axial zone of the syncline, small
WNW-trending thrust faults with a strike-slip component can be traced.
Fig. 17. Structures in Area 2: (a) the cross-
cutting relationship of bedding and cleavage
SK2 in siltstones of the Nerpalakh Fm.; (b) re-
lationships between bedding and cleavage SK2;
(c) refraction of cleavage; (d) slickensides on
the surface of transfer sinistral strike-slip fault
of NE-SW trend. (For interpretation of the re-
ferences to colour in this figure legend, the
reader is referred to the web version of this
article.)
Fig. 18. Structures in Area 2: (a, b) Secondary fold-structures FK2 in a tens- to hundreds-meters-scale on NE limb of the Tas-Ary syncline; (c, d) SW-directed thrust
faults of DK2.
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Fig. 19. Faults & striae data diagrams of Area 2. Axes: 1 – tension, 2 – intermediate, 3 – compression.
Fig. 20. Examples of faults postdating the
main contractional deformation in the Area 2:
(a) normal fault in the Paleogene-Neogene
succession and sandstone of the Chokur Fm.
(DK5); (b) normal faults-bounded small graben
in the Paleozoic rocks (DK5). The faults mainly
have a NE-SW trend; (c) SW directed reverse
fault in the Paleogene-Neogene succession
(DK6). (For interpretation of the references to
colour in this figure legend, the reader is re-
ferred to the web version of this article.)
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2.3.2. Structural studies of Bel’kovsky Island (southern part)
Bel’kovsky Island is located in the westernmost part of the NSI and
comprises deformed Middle Devonian–Lower Permian mainly clastic
successions, overlain with angular unconformity by Upper
Eocene–Lower Miocene strata, filling in a small graben in the southeast
of the island (Fig. 22a, b) (Brandes et al., 2015; Ershova et al., 2015b;
Kos’ko et al., 1985; Kuzmichev et al., 2013; Piepjohn et al., 2017). The
Paleozoic succession is intruded by Latest Permian and Middle Triassic
mafic intrusions (Kuzmichev and Pease, 2007; Prokopiev et al., 2017).
The limited distribution of Middle Devonian rocks precludes direct
observation of the pre-Frasnian angular unconformity across Bel’kovsky
Island. However, Middle Devonian carbonates observed in the SE-part
of the island are more intensely deformed than the overlying Upper
Devonian to Permian strata. The Middle Devonian deposits of the
Sokolov Formation are intensely brecciated and cut by chaotically or-
iented carbonate veins in the southeast of the island. The deformed
Devonian-Permian rocks are mainly draped into wide open folds of NW-
SE strike, similar to FBl2 of the second deformation stage (DBl2 ) defined
across Kotel’nyi Island (DK2). Rare small FBl2 folds striking NW-SE are
open, asymmetrical, and cylindrical, with a width and amplitude up to
a few meters (Fig. 23a). Discrete SBl2 cleavage of NW-SE strike dips to
the SW in the southeast of Bel’kovsky Island, and to the NE in the
southwest (Fig. 23b). Some intervals of the Nerpalakh Formation do not
display any cleavage, which was also observed by Piepjohn et al.
(2017). Dip angles of SBl2 cleavage range from subvertical to 30-50°. The
general trend of cleavage and bedding intersection lineation LBl2 is NW-
SE (Fig. 22c). Plunge of lineation locally ranges up to 50–60° (Fig. 23c).
Reverse faults and thrusts, mainly with NE and SE transport directions,
have dip angles ranging from 30–40° to 70–85° (Figs. 22c and 23 g). E-
W-trending transfer strike-slip faults associate with thrusts (Fig. 23g).
Their orientation is similar to that of the sinistral strike-slip faults de-
scribed by Piepjohn et al. (2017) on Bel'kovsky Island. Small-scale shear
zones characterized by both dextral and sinistral strike-slip kinematics
are represented by en-echelon-arranged veins, deforming the Paleozoic
sedimentary rocks and Permian-Triassic mafic intrusions. Rare bedding-
plane parallel detachment faults have been described within the study
area on Bel’kovsky Island.
The observed NNE-SSW-trending thrusts suggest the presence of
third stage of deformation (DBl3 ) (Figs. 22c and 23 g). The orientation of
thrust planes and slickenside lineations suggests that the compression
axis of DBl3 deformation is subhorizontal and has a WNW-SES strike
(Fig. 23g).
Deformations of DBl4 are represented by dextral strike-slip faults of
approximately N-S strike (Fig. 23d, g). Local minor deformation of SB2-
cleavage, intersection lineation LB2 and thrust planes is observed
(Fig. 22c). The orientation of fault planes and slickenside lineations
suggests that the compression axis of DBl2 and DBl4 deformation is sub-
horizontal and has a NE-SW strike, orthogonal to the trend of major
folding in the region (Fig. 23g).
Normal faults of the fifth stage (DB5) have predominantly NW-SE to
WNW-ESE strike and dip to the NNE, NE, SSW and SW, displacing
Paleozoic rocks (Figs. 22c and 23 e, g). The amount of vertical dis-
placement attains 0.5m. Paleogene-Neogene rocks are also deformed
by low-amplitude normal faults (displacement up to 20–30 cm), mainly
of NW-SE strike and dipping towards the SW or NE (Fig. 23f). Two
small-scale flexures are reported from Paleogene-Neogene deposits on
the southeastern coast of the island. Their origin is unclear. On the one
hand, they could represent an episode of late Cenozoic weak
Fig. 21. (a) Simplified geological map of Area 3. For location see Fig. 10; (b) pole to bedding and cleavage diagrams (equal-area projection, lower hemisphere; n –
number of measurements). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 22. (a) Simplified geological map of Bel’kovsky Island and (b) stratigraphic column (modified from Kos’ko et al., 1985). For location see Fig. 10. (c) pole to
bedding S0 and cleavage SBl2 , bedding–cleavage intersection lineation LBl2 , pole to thrust and normal faults diagrams (equal-area projection, lower hemisphere; n –
number of measurements). (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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Fig. 23. Structures on Bel’kovsky Island: (a) small FBl2 folds striking NW-SE; (b) refraction of cleavage SBl2 ;(c) bedding-cleavage intersection lineation LBl2 ; (d) slick-
enside lineations on the surface of a dextral N-S trending strike-slip fault (DBl4 ); (e) normal fault in Nerpalakh Fm. of WNW-ESE strike (DB5); (e) normal fault in Eocene
rocks of NW-SE strike (DB5); (g) faults & striae data diagrams. Axes: 1 – tension, 2 – intermediate, 3 – compression). (For interpretation of the references to colour in
this figure legend, the reader is referred to the web version of this article.)
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compression (DB6), but on the other hand, these flexures have been
generated as propagation folds above buried normal faults.
The established sequence of deformation in this part of the island is,
in general, consistent with the sequence determined across the western
part of the island by earlier studies (Verzhbitsky, 2004, 2009).
2.3.3. Low-temperature thermochronology
2.3.3.1. (U-Th)/He studies. (U–Th)/He thermochronologic ages of
detrital zircons and apatites have been collected from Devonian-
Eocene strata of the Anjou Islands. All ZHe ages (13AP97, PK1-PS)
obtained from the Upper-Devonian – Lower Carboniferous strata of
Kotel’nyi Island are younger than the depositional age, suggesting a
post-depositional resetting of the ages. Nine of eleven (U-Th/He) ages
of detrital zircons from 13AP97 displayed Late Cretaceous ages,
averaging at ca. 106 Ma. Sample PK1-PS exhibited a broad range of
ZHe ages, averaging around 125 Ma. Sixteen ZHe ages obtained from
the Upper Devonian sandstones of Bel’kovsky Island grouped around 93
Ma (Fig. 7a). AHe ages obtained from the Devonian and Permian
sandstones of Bel’kovsky Island (12 AP33, 12AP20, 8-va-12-13) group
in the latest Cretaceous between 85–104 Ma. Fifteen AHe ages from the
Oligocene strata of Bel’kovsky Is. are older than depositional ages,
suggesting exhumation of the provenance area. Most of the ages
average around 100 Ma (Fig. 7b).
2.3.3.1.1. Thermal modelling of (U-Th)/He data. Inverse thermal
history modelling for Bel’kovsky Island was performed on three
grains from sample 8-va-12-13, and model results allow for a broad
range of maximum temperatures prior to a protracted cooling history
from the Early Cretaceous to present (Fig. 24A). Forward models test
the effects of increasing burial temperature from 100 to 200 °C on
expected AHe date-eU trends in samples 8-va-12-13 and 12AP20
(Fig. 24B). With the exception of a single date, these models replicate
the observed AHe date dispersion at all temperatures, suggesting that
observed AHe date-eU trends are controlled by the cooling history of
the samples. Modelled ZHe date-eU inheritance envelopes are
compared with ZHe dates from Bel’kovsky, and the adjacent Kotel’nyi
Island (Fig. 24C). Forward models indicate that temperatures of 100 °C
cannot account for much of the observed ZHe data, whereas 200 °C
results in too restrictive an inheritance envelope. Of the three examples,
the 150 °C model best encompasses both the partially and fully reset
ZHe dates. However, even the 150 °C forward model is unable to
account for the majority of the young (79–105 Ma) ZHe dates. These
dates present an interesting challenge to thermal history modelling, as
they are the same age or younger than many of the AHe dates from the
same sample, as well as AHe dates from the other Devonian and
Permian samples from Bel’kovsky Island. A similarity in AHe and ZHe
dates should require a rapid Late Cretaceous cooling event. However,
the ZHe dates highlight the complications of correlating radiation
damage annealing models for apatite (Flowers et al., 2009) and
zircon (Guenthner et al., 2013) for partially reset detrital samples,
and leave open the possibility of a rapid Late Cretaceous cooling event
on Bel’kovsky and Kotel’nyi islands.
Fig. 24. Thermal history models for data from Bel’kovsky and Kotel’nyi islands. (A) Inverse thermal history model for sample 8-va-12-13, as well as three t-T histories
(I, II, III) invoked in forward modelling. (B) AHe forward models for 8-va-12-13 and 12AP20. Models show probable date-eU trends for a range of grain size and
annealing kinetics (rmr0: Carlson et al., 1999; Ketcham et al., 2007). Apatite dates in black indicate data incorporated into the inverse thermal history model. (C) ZHe
forward models that highlight the expected “inheritance envelope” (Guenthner et al., 2015) that encompasses modelled ZHe date-eU trends for all possible pre-
depositional histories in the detrital zircon population. ZHe data are plotted for both Bel’kovsky and Kotel’nyi islands. (For interpretation of the references to colour
in this figure legend, the reader is referred to the web version of this article.)
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2.4. Lyakhovsky Islands
2.4.1. Structural studies of Bolshoy Lyakhovsky Island (northern coast of
the Kigilyakh Peninsula)
Upper Jurassic sandstones and siltstones are draped into NW-SW
trending FL1 folds of the first generation (DL1), overturned to the SW
(Samusin and Belousov, 1985). Their trend is the same as the folds of FK2
on Kotel’nyi Island. However, our observations in the north of the
peninsula show that the axes of these folds are probably turned coun-
terclockwise to the west during the second deformation stage, DL2
(Fig. 25a). Here, their axes plunge to the WNW and ESE (Fig. 25, dia-
gram). These folds are concentric and cylindrical, with a width and
scale from a few decimeters to a few tens of meters. Cleavage is absent.
The folds are associated with small-scale reverse faults (Fig. 25b). The
rocks are intruded and metamorphosed by Cretaceous granites dated at
106 Ma (Layer et al., 2001). The map (Fig. 25a) shows that in the north
Fig. 25. (a) Simplified geological map of Kigilyakh Peninsula (Bolshoy Lyakhovsky Island) (modified from Samusin and Belousov, 1985) and pole to bedding diagram
(equal-area projection, lower hemisphere; n – number of measurements); (b) NW-SE trending FL1 folds of the first generation (DL1); (c) folds FL3 with steeply dipping
axes within the Upper Jurassic rocks. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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of the peninsula, the granites and Jurassic deposits are deformed by
sinistral and dextral strike-slip faults trending ∼N-S (Samusin and
Belousov, 1985). However, we observed here only dextral faults with a
reverse slip component and a NNW-SSE trend. The orientation of these
strike-slip faults is the same as dextral strike-slip faults observed on
Kotel'nyi Island. These faults formed during the DL3 deformation stage,
and the folds of FL3 with steeply dipping axes within the Upper Jurassic
deposits are associated with them (Fig. 25c).
In the southeast of Bolshoy Lyakhovsky Island, an ophiolite complex
is exposed including serpentinites, Late Jurassic oceanic basalts, am-
phibolites, dunites, peridotites, and blueschists (Drachev, 1989;
Drachev and Savostin, 1993; Drachev et al., 1998; Kuzmichev, 2009).
The complex extends along the strike of the South Anyui suture, which
here bends and has a NE-SW strike (Shalaurov terrane after Nokleberg
et al., 2001; Parfenov et al., 1993b; Parfenov and Kuz’min, 2001).
Oceanic rocks were thrust on Late Jurassic-Early Cretaceous and/or
Late Triassic shale and sandstone in a NW direction during the first
deformation stage (DL1). In the second deformation stage (DL2), in ac-
cordance with A. Kuzmichev’s geological map (2009), it can be as-
sumed that NW-SE sinistral strike-slip faults were formed. The rocks are
intruded by granitoids as old as 121-114 Ma (Kuzmichev, 2009), with
40Ar-39Ar cooling ages of 113-105 Ma (Layer et al., 2001).
The observed differences between strikes of DL1 deformations in the
west and southeast of the island can be explained by the change in the
direction of the strike of the South Anyui suture. Sinistral strike-slip
faults located in the southeast of the island could be the cause of the
bending of the fold axes of FL1 in the west to the Kigilyakh Peninsula.
3. Discussion
Reconstructing the tectonic evolution of the NSI and adjacent parts
of the East Siberian and Laptev Sea shelves is complicated because of
the scattered distribution of outcrops across the archipelago and in-
completeness of preserved stratigraphy. The correlation of tectono-
magmatic events across the NSI is shown in Fig. 26. The oldest strata
preserved across the NSI are Ediacaran and Cambrian volcaniclastic
rocks, cropping out on Henrietta and Jeannette islands. The Ediacaran
part of the succession on Henrietta Island is intruded by Ediacaran
mafic dykes (Prokopiev et al., 2017), which mark the oldest magmatic
event across the study region. Ediacaran-Cambrian volcaniclastic rocks
and Ediacaran dykes were deformed by thrusts of the first deformation
stage (DH1 ) in the Late Cambrian, and are overlain by Late Cambrian
basalts. Deformations of the second stage (DH2 ) on Henrietta Island in-
volved the development of strike-slip faults with a reverse slip com-
ponent, which displaced both the Ediacaran-Cambrian succession and
Late Cambrian basalts. So, the age of DH2 on Henrietta Island is post-Late
Cambrian.
The Upper Cambrian volcaniclastic succession cut by thrusts and
metamorphosed during DJ1 deformation stage is exposed on Jeannette
Island and intruded by Late Cambrian mafic dykes. Thus, the age of the
deformation stage DH1 on both Jeannette and Henrietta islands is Late
Cambrian. Deformations of the second stage described on Henrietta
Island were not detected on Jeannette Island.
However, the coeval Cambrian-Ordovician strata on Bennett Island
represent the exposed fragment of a shallow marine shelf. The oldest
deposits reported from the Anjou Islands are mostly carbonates of the
Ordovician succession. Thus, the Late Cambrian basaltic magmatism and
the Ediacaran–Cambrian volcaniclastic deposits are interpreted as
forming in an arc-backarc tectonic setting (Ershova et al., 2016a) in the
area of the present Henrietta and Jeannette islands. The western parts of
the NSI are dominated by a shallow marine sedimentary succession,
which was deposited during a period of tectonic quiescence. The Silurian
to Middle Devonian succession is only known from Kotel’nyi Island and
comprises mainly carbonates with subordinate beds of clastic deposits
(Ershova et al., 2016b; Kos’ko et al., 1985). There is no evidence for
tectonic or magmatic activities observed within this time slice.
Ershova et al. (2016a) proposed that the De Long Islands together
with other continental blocks, such as Severnaya Zemlya and Arctic
Alaska–Chukotka, formed the contiguous active continental margin of
Baltica during the early Paleozoic. Henrietta and Jeannette islands are
thought to have been part of an active continental margin in the early
Paleozoic, which was separated by a back-arc basin from the shallow
marine shelf (Bennett Island) (Ershova et al., 2016a). The early-middle
Paleozoic rocks of Kotel’nyi Island most likely formed part of this shelf,
although rocks older than Ordovician are not exposed here.
Folding and faulting of the DJ1 stage on Jeannette Island and DH1
stage on Henrietta Island show similar W-to WSW-transport directions,
indicating that exposed structures belong to the same tectonic domain.
Rocks exposed on Jeannette Island are metamorphosed to greenschist
facies and are more intensely deformed than on Henrietta Island. The
character and orientation of the deformation structures on both islands
suggest that they formed part of a single early Paleozoic orogenic belt,
whose central part is submerged beneath the East Siberian Sea. Based
on the intensity of deformation, it can be assumed that Jeannette Island
folded complexes are located closer to the central part of this orogen
than coeval deposits of Henrietta Island.
The next tectonic event clearly seen from the oldest ZHe ages on the
De Long archipelago indicates 5–6 km of uplift and erosion in Devonian
time. The oldest ZHe ages (378 ± 38 Ma on Bennett Island, 398 ± 22
Ma on Henrietta Island, and 414 ± 15 Ma on Jeannette Island) rea-
sonably correlate with the deformation stage DK1 and the pre-Frasnian
angular unconformity on Kotel'nyi Island. This event could be asso-
ciated with intrusions of basaltic trachyandesite sills (419.2 ± 3.7Ma,
40Ar/39Ar) (Ershova et al., 2016a) and mafic dykes, which intruded into
Late Cambrian basalts on Henrietta Island. We assume that deforma-
tions of DH2 on Henrietta Island also occurred at this time. This suggests
that the NSI belonged to a single Devonian orogenic belt, forming the
DK1 contractional deformation stage on Kotel’nyi Island and the broad
anticline on Bennett Island (DB1).
Thus, the observed mid-Paleozoic deformation can be used to refine
existing plate tectonic models of the study region. During the Devonian,
the northern part of Siberia was affected by an extensional (rifting)
regime as opposed to a contractional one (Parfenov and Kuz’min,
2001). Therefore, our data on the compressional stress regime deduced
from structural data from the Anjou Islands and low-temperature dates
from the De Long Islands support tectonic models claiming a non –Si-
berian affinity of the NSI during the mid-Paleozoic (e.g. Drachev et al.,
2011; Dumoulin et al., 2002; Ershova et al., 2015a, b; Ershova et al.,
2016a,b). According to these models, the NSI represents a part of the
Arctic Alaska-Chukotka microcontinent (e.g. Drachev et al., 2011).
Based on the direction of tectonic transport, contraction occurred
from north to south (in present-day coordinates) on Kotel’nyi Island at
the boundary between the Middle and Late Devonian. The small scale of
the structures suggests that the Anjou and De Long islands formed a
distal part of an orogenic belt in the middle Paleozoic.
There is abundant evidence for circum-Arctic mid-Paleozoic con-
tractional deformation events. These include the Early Devonian to
earliest Middle Devonian Romanzof Orogeny, reported across north-
western Yukon, northeastern Alaska and the North Slope of Alaska (e.g.
Lane, 2007). Late Devonian to Early Carboniferous deformations
characterizing the Ellesmerian Orogeny or Svalbardian event of the
Caledonides are described from many localities across the Arctic realm,
including Arctic Alaska (e.g. Lane, 2007), the Canadian Arctic (e.g.
Embry, 1988; Piepjohn et al., 2008), northern Greenland (e.g. Soper
and Higgins, 1990), Svalbard (Svalbardian Orogeny) (e.g. Kośmińska
et al., 2016; McCann, 2000; Piepjohn, 2000; Piepjohn et al., 2008,
2015; Rippington et al., 2010), Wrangel Island (Verzhbitsky et al.,
2014, 2015) and the Chukchi Borderland (O’Brien et al., 2016).
Therefore, an angular pre-Frasnian unconformity observed on
Kotel’nyi Island and significant exhumation revealed by low-tempera-
ture dates across the De Long Islands, suggest that Middle Devonian
tectonism was widespread across the study area. Our data strongly
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Fig. 26. Correlation of tectonic and magmatic events across the NSI. See text for discussion. (For interpretation of the references to colour in this figure legend, the
reader is referred to the web version of this article.)
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support models claiming a non –Siberian affinity of the NSI (e.g.
Drachev et al., 2011; Ershova et al., 2015a,b, 2016a,b), and further-
more, suggest a possible affinity of the NSI with the Arctic Alaska–-
Chukotka microcontinent (e.g. Ershova et al., 2017; Grantz et al., 1990;
Lawver et al., 2002; Miller et al., 2006; Natal’in et al., 1999; Nokleberg
et al., 2001; Sengo¨r and Natal’in, 1996 and references therein). This is
inconsistent with models based on biostratigraphic correlation of Pa-
leozoic sequences of the NSI, assuming that in the early-middle Paleo-
zoic the NSI were linked to the Siberian continent (e.g. Kos’ko and
Korago, 2009; Kuzmichev, 2009; Danukalova, 2016). Our data also
contradict paleomagnetic studies (Metelkin et al., 2014, 2015;
Vernikovsky et al., 2013) claiming that the NSI were a separate terrane
during the Paleozoic, with no connection to larger continental land-
masses. Based on the preserved sedimentary succession of Kotel’nyi
Island, the Late Devonian to Late Jurassic, at least in the western part of
the study region, was occupied by shallow marine (Kotel’nyi Island) to
deep marine (Bel’kovsky Island) depositional environments. The Per-
mian/Triassic boundary and Middle Triassic were marked by short
episodes of mafic magmatism, manifested by dykes and sills observed
across Bel’kovsky Island (Kuzmichev and Pease, 2007; Prokopiev et al.,
2017).
The next prominent tectonic event across the study region occurred
at the latest Early Cretaceous to Late Cretaceous, deduced from ther-
mochronological data obtained from the Anjou Islands. However, this
event has not been reported from the De Long Islands. This event led to
formation of the modern structures on Kotel’nyi and Bel’kovsky islands,
creating the DK2 and DBl2 contractional deformation structures along with
intensive uplift and rapid erosion. On Bolshoy Lyakhovsky Island, this
stage is manifested by formation of folding and thrusts DL1, and asso-
ciated with closure of the South Anyui Ocean and formation of the
suture. It is marked by the presence of an angular unconformity be-
tween deformed Paleozoic-Jurassic (?) deposits and Aptian-Albian
clastics and ignimbrites in the central part of Kotel’nyi Island (Kos’ko
et al., 1985; Kuzmichev et al., 2009). However, the ages of these Cre-
taceous weakly deformed strata of Kotel’nyi Island are not precisely
established. The fossil flora suggest an Aptian-Albian age, however K-Ar
dates of the ignimbrites vary from 110 to 102 Ma (Kuzmichev et al.,
2009). Therefore, these sediments could represent the erosional pro-
ducts of a coeval orogen, which was formed as a result of the collision of
the Arctic Alaska-Chukotka microcontinent with the northern margin of
Siberia. The Aptian-Albian deposits in the central part of Kotel'nyi Is-
land are deformed into an asymmetric ∼N-S trending syncline, with a
steeper eastern limb indicating tectonic transport occurred from east to
west. These deformations of DK3 and DBl3 are manifested in the west of
Kotel'nyi Island and on Bel'kovsky Island while simultaneous sinistral
strike-slip movements of DL2 stage occurred almost parallel to the South
Anyui suture at Bolshoy Lyakhovsky Island, which could induce the
contractional deformations of D3 stage on the Anjou islands. This allows
us to assume that the Arctic Alaska-Chukotka microcontinent was
moving at that time in the western direction (modern coordinates).
Post-Aptian-Albian deformations also include dextral strike-slip
faults of a N-S-trend (DK4 stage), displacing Albian volcaniclastic rocks in
the central part of Kotel'nyi Island and manifested on Bel'kovsky Island
(DBl4 ) and Bolshoy Lyakhosvsky Island (DL3). These deformations mark
the displacement of the Arctic Alaska-Chukotka microcontinent in a
southern direction (modern coordinates) during this time.
The AHe and ZHe ages obtained from Bel’kovsky Island are slightly
younger than those from Kotel’nyi Island, however, all ages fall within
analytical error. Two models can be proposed to explain these ages. The
first model claims that rapid uplift and erosion occurred simultaneously
across the islands, resulting in all ages lying within analytical error.
However, a younging of ZHe and AHe ages from the east (Kotel’nyi
Island) to the west (Bel’kovsky Island) is observed, and ZHe ages in the
western part of Bel’kovsky Island (12AP33 sample) are approximately
10 Ma younger than ZHe and AHe ages from the eastern part of the
island (12AP20, 8-va-12-13). Thus, a second speculative tectonic model
can be generated, whereby uplift occurred relatively simultaneously
across Kotel’nyi and Bel’kovsky islands with similar erosion rates,
however, a thicker portion of sediments were eroded across Bel’kovsky
Island, leading to a slightly later resetting of ZHe and AHe ages in a
westward direction. This implies that in the western part of the NSI, a
thicker succession of Permian-Jurassic strata was possibly completely
eroded during Cretaceous uplift. This idea is partly supported by a fa-
cies transition from the shallow marine relatively thin Devonian-
Permian strata of Kotel’nyi Island, to relatively deep marine and thicker
coeval strata of Bel’kovsky Island (Ershova et al., 2016b). This latest
Early Cretaceous – early Late Cretaceous deformation event across the
NSI, accompanied by significant uplift, coincides with the timing of
closure of the South Anyui/Angayucham Ocean and formation of the
South Anyui suture. Several scenarios have been proposed for the for-
mation of the suture (e.g. Parfenov, 1984; Natal’in, 1984; Sengo¨r and
Natal’in, 1996; Sokolov et al., 2015; Nokleberg et al., 2001; Amato
et al., 2015; Piepjohn et al., 2017). The late Paleozoic-Early Cretaceous
South Anyui/Angayucham Ocean basin separated the Siberian craton
and Kolyma-Omolon superterrane or microcontinent from the Arctic
Alaska-Chukotka microcontinent. Closure of the ocean took place in
Aptian-early Albian times (Parfenov and Kuz’min, 2001), or before the
Aptian collision (Sokolov et al., 2015). The South Anyui suture (ac-
cretionary wedge terrane after Nokleberg et al., 2001; Parfenov and
Kuz’min, 2001; suture zone after Seslavinsky, 1979) is situated between
the northern margin of the Kolyma-Omolon superterrane and the
southern margin (modern coordinates) of the Arctic Alaska-Chukotka
microcontinent. It can be traced northwestwards over 400 km under the
cover of Cenozoic deposits, from the lower reaches of the Kolyma River
to the shore of the East Siberian Sea, by linear magnetic and gravity
anomalies (Spektor et al., 1981). Ophiolites associated with the suture
zone are exposed in the east of Bolshoy Lyakhovsky Island (e.g.
Parfenov and Kuz’min, 2001; Kuzmichev, 2009). The westward con-
tinuation of the South Anyui suture across the Laptev Sea is still a
matter of discussion. We share the opinion of Franke et al. (2008) and
Brandes et al. (2015) that it can be followed from Bolshoy Lyakhosvsky
Island north-north-westwards to the east of Stolbovoy Island and fur-
ther northward to the west of Bel’kovsky Island (Fig. 27). The age of the
collision is also supported by the presence of 121 Ma (U-Pb, zircon) and
113 Ma (40Ar/39Ar, mica) granitic intrusions on Bolshoy Lyakhovsky
Island (Kuzmichev, 2009; Layer et al., 2001).
Therefore, we relate the latest Early–Late Cretaceous thermal event
to the closure of the South Anyui/Angayucham Ocean, accompanied by
simultaneous uplift across the NSI during the formation of an orogenic
belt. The absence of a similar deformation event on the De Long Islands
is likely to be due to their distal location relative to the suture zone.
Our study supports tectonic models claiming that Mesozoic tec-
tonism across the NSI was caused by closure of the South Anyui Ocean
(Drachev et al., 2010), manifested by the formation of the Novosibirsk-
Chukotka orogenic belt between Siberia and the Arctic-Alaska Chu-
kotka microcontinent during the latest Early Cretaceous. We suggest
that the NSI formed a part of the Arctic-Alaska Chukotka micro-
continent and can be interpreted as an indenter. The DK2- DBl2 tectonic
event is characterized by the formation of folds and thrusts with a NW-
SE trend along the western margin of the NSI (Kotel’nyi and Bel’kovsky
islands), along with folds and thrusts with WSW-ENE and NW-SE trends
along its southern margin (Bolshoy Lyakhovsky Island) (DL1). In the west
of Bolshoy Lyakhovsky Island, the trend of folding during the DL1 stage is
the same as during the DK2 and DBl2 stages on the Anjou Islands. A con-
trasting folding trend reported from the southeast of Bolshoy Lya-
khovsky Island could be explained by the curved configuration of the
South Anyui suture in that area. Subsequent sinistral strike-slip motions
along the southern part of the South Anyui suture (Bolshoy Lyakhovsky
Island) (DL2) led to the formation of ∼ N-S trending shortening across
the Anjou Islands (DK3, DBl3 ). During the final stage, the Arctic-Alaska
Chukotka microcontinent indenter moved southward, and dextral
strike-slip faults (stages DK4, DBl4 , DL3) formed in the west of the Anjou
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Islands and in the west of Bolshoy Lyakhovsky Island (Fig. 27). Fur-
thermore, such a scenario explains the lack of intensive deformation
across the De Long Islands, due to their location in the interior part of
the Arctic-Alaska Chukotka microcontinent.
Thus, we assume that the Mesozoic deformations on the Anjou and
Lyakhovskiy islands mark the southwestern part of the Novosibirsk-
Chukotka late Mesozoic orogenic belt that formed as a result of closure
of the South Anyui Ocean. Northern continuation of this orogenic belt is
covered by the East Siberian Sea that makes impossible reasonable es-
timation of it distribution. The northern limit of this orogenic belt likely
Fig. 27. Proposed model of Mesozoic deformation events (stages 3–5, see Fig. 26) across the NSI with weighted average ZHe and AHe ages illustrated the Mesozoic
episodes of uplifts. See text for discussion. (For interpretation of the references to colour in this figure legend, the reader is referred to the web version of this article.)
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coincides with the Wrangel-Herald fault mapped by seismic data. To the
north from it, the New Siberian-Wrangel foreland basin presumably
filled in with the Late Jurassic to Early Cretaceous deposits is identified
by seismic data (e.g. Drachev et al., 2010; Drachev, 2016). The Novo-
sibirsk-Chukotka orogenic belt, like the South Anyui suture, extends far
to the east and is exposed in western Chukotka, where ophiolites,
contractional and subsequent strike-slip deformations have been de-
scribed (e.g. Natal’in, 1984; Sokolov et al., 2009, 2015 and references
therein).
The next episode of mafic magmatism reported from the study re-
gion is related to the ca. 106–124 Ma basalts reported from Bennett
Island (De Long Islands) (Drachev, 1999; Fedorov et al., 2005). These
mafic rocks have been interpreted as evidence for the spread of HALIP
magmatism across the study region (Drachev and Saunders, 2006).
The Cenozoic tectonic event (DK5, DBl5 ) corresponds to the opening of
the Eurasian Basin and is marked by development of an extensional
regime across the study area, manifested by the widespread distribution
of younger normal faults displacing older contractional structures. This
event led to the formation of small grabens and depressions across the
Anjou Islands. For example, on Bel’kovsky Island, there is a graben
filled with 40 m-thick Late Eocene to Early Miocene continental de-
posits with a weathering crust at the base (Kos’ko et al., 1985;
Kuzmichev et al., 2013). The AHe ages obtained from the Cambrian
rocks of Jeannette Island average at ca. 53 Ma and are close to the time
of initial sea-floor spreading in the Eurasian Basin. An extensional stress
regime was widely distributed across the neighboring Laptev Sea shelf,
manifested by numerous grabens presumably mainly filled by Cenozoic
sediments (e.g. Drachev, 2016; Franke et al., 2008; Franke and Hinz,
2005 and references therein).
The cause of contractional deformations affecting the Cenozoic de-
posits of the Anjou Islands (DK6, DBl6 ) is unclear, but it can be assumed
that they are associated with motions along the Eurasian and North-
American lithospheric plates.
The youngest magmatic event across the study region is reported
from the De Long Islands (Vil’kitskiy and Zhokhov islands), and mani-
fested by Quaternary (ca. 1.2 Ma) basaltic volcanism (Layer et al.,
1993).
The youngest deformations reported from the study region are
caused by glacio-tectonics during regional glaciation in the second half
of the middle Pleistocene. The glacial deformation of Upper Cretaceous
and Pleistocene (?) sediments are described on Novaya Sibir Island
(Danukalova and Kuzmichev, 2014; Piepjohn et al., 2017).
4. Conclusions
A: Our structural studies reveal the following succession of major
stages of contractional and extensional deformations across the NSI:
Stage 1: The earliest deformations occurred in the east of the De
Long Islands in the Late Cambrian (DH1 and DJ1). This area was pre-
sumably located in close proximity to an early Paleozoic orogenic belt.
Stage 2: An angular unconformity at the base of the Middle Frasnian
deposits represents an episode of contractional deformation, with folds
and S-SW-diping thrusts reported across the western Kotel’nyi Island
(Anjou Islands) (DK1). The strike-slip faults with a reverse slip compo-
nent (DH2 ) on the Henrietta Island and broad anticline on Bennett Island
(DB1) (De Long islands) are possibly associated with this mid-Paleozoic
tectonic event. This part of the NSI is likely to have formed a distal part
of an orogenic belt in the middle Paleozoic, which may be correlated
with one of the phases of the Ellesmerian Orogeny.
Stage 3: The latest Early Cretaceous (Aptian?) stage was marked by
the formation of major NW-SE trending folds, thrusts and transfer
strike-slip faults across the Anjou Islands (DK2 and DBl2 ). Folding and
thrusting (stage DL1) reported from Bolshoy Lyakhosvsky Island are also
associated with this stage of deformation. This widely reported con-
tractional event across the study region is associated with closure of the
South Anyui/Angayucham Ocean, resulting in collision of the western
part of the Arctic Alaska-Chukotka microcontinent with Siberia and
forming the South Anyui suture zone and coeval orogenic belt. The
youngest episode of stage 3 is characterised by accumulation of Aptian-
Albian volcaniclastic rocks in the central part of Kotel'nyi Island, along
with the emplacement of synchronous granitoids at Bolshoy
Lyakhovsky Island.
Stage 4: In post-Aptian time, formation of the orogenic belt con-
tinued. The Arctic Alaska-Chukotka microcontinent moved westward.
On Bolshoy Lyakhovsky Island, along the South Anyui suture, sinistral
strike-slip fauls (DL2) were formed. On the Anjou islands, E-W com-
pression (DK3 and D3Bl) resulted in deformation of Aptian-Albian de-
posits in the central part of Kotel'nyi Island.
Stage 5: The Arctic Alaska-Chukotka microcontinent moved in a
southern direction. N-S-trending dextral strike-slip faults were formed,
displacing Aptian-Albian volcaniclastic rocks in the central part of
Kotel'nyi Island (DK4), also manifested on Bel'kovsky Island (DBl4 ) and in
the west of Bolshoy Lyakhosvsky Island (DL3). This stage marked the
final phase of formation of the Novosibirsk-Chukotka orogenic belt.
Stage 6: The Cenozoic extensional event (DK5, DB5) corresponds to
opening of the Eurasian Basin.
Stage 7: The late Cenozoic contractional deformation event reported
from the Cenozoic deposits of the Anjou Islands (DK6, DBl6 ) were likely to
have been caused by displacements along the Eurasian and North-
American lithospheric plates.
B: Thermochronologic analyses of 12 samples from different islands
of the NSI were carried out. The ZHe analysis of Cambrian rocks of the
De Long Islands suggests exhumation of at least 5–6 km of sediment in
the eastern portion of the NSI at ca. 378–414 Ma, and can be correlated
with the angular unconformity at the base of the Frasnian observed in
the western part of Kotel’nyi Island. The latest Early - Late Cretaceous
(ca. 93–125 Ma, AHe, ZHe) cooling episode, established in the west of
the NSI (Anjou Islands), indicates a significant episode of uplift, which
occurred during the final stages of closure of the South Anyui Ocean
and coeval formation of the South Anyui suture and orogenic belt. The
Cenozoic low-temperature thermochronologic data (ca. 53 Ma, Early
Eocene, AHe), which is recorded in the eastern part of the NSI
(Jeannette Island), corresponds to the opening of the Eurasian basin.
C: Our new data support a non-Siberian affinity of the NSI and an
affinity with the Arctic Alaska–Chukotka microcontinent.
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